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Classification of toric singularities with simple K3

singularities as hypersurface sections

ﬁ;tl:i[’}%’_‘j{ ‘55’2 i-/fé}f’\/fﬁ (Hiroyasu TSUCHIHASHI )

Introduction. Yonemural 8] classified the weights of
non-degenerate quasi-homogeneous polynomials on ¢4 which
define simple K3 singularities. On the other hand, to each
quasi-homogeneous polynomial f = 7§ 4 ¢ zV there exists

VE(Zgo) v :

an element Uy i? (Q>0)4 such that <v,u0> =1 if Cy £ 0,
(m, ,My, Mg ,Mm my; mes M, m
where =z 1>72°>73° 7 z 1222233244. Then we may regard the

point ug as the weight of f. Let A* be the convex hull
of v e (Z,p* | <v,up> = 1 }. Then dima* = 3 and
(1,1,1,1) € Int(A*), if f defines a simple K3 singularity (

see [8] ). As a generalization of this fact, we obtain:

Theorem. Let f be a non-degenerate holomorphic function

on the toriec singularity Y = Specw[o* n (24)*] with f(y) =

0 and let X = {f = 0}, where o* is the dual cone of a

4-dimensional strongly convex cone o in R4 generatéd by

primitive elements Uy, Ug, «.. and ug in 24 and ({y} = { x
v _ * 4. %

€ Y | z'(x) =0 for any v e (o n(Z7) )\{0} }. If (X,y) |is

a simple K3 singularity, then the following two conditions

are satisfied.
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(1) Y is Gorenstein, i.e., there exists an element vy €

(24)* such that <v0,ui> =1, if Rzoui is a 1-dimensional

face of o for i =1 through s.
(2) There exists an element u, € Int(o) such that
“dim A* = 3 and that vg € Int(A*), where A* is the convex

hull of { v € of n (24)* I <v,uy> = 1 3.

The purpose of this paper is to show that the pairs
(c,uo) satisfying the ~conditions of the above theorem are
finite modulo GL(4,Z). We can obtain all representatives of
them, wusing a computer. However, they are too many to make a
list here.

In §1, we prove the above theorem and show that there
exists a partial order on the set of the pairs satisfying the
conditions of the above theorem such that for a pair (c,uo),
all the pairs (t,uo) 2 (c,uo) are finite and obtained by a
simple algorithm ( see Proposition 1.6 and its proof ).

In 82, we give a list of representatives of all the minimal

pairs (o,uo). We omit the proof of the completeness of the

list, for the sake of its length.

81 Toric singularities and their hypersurface sections.

Let N = zn+1 be a free Z-module of rank n + 1 2z 3 and

*

let N be its dual module with canonical pairing < , >
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% _ o
N " x N -» Z. Let c = Rgou1 + Rgou2 + ees ¥ Rgous be an
. (n+l1l)-dimensional strongly convex rational cone in NR
generated by primitive elements u; in N. Here we may assume
that Rzoui is a 1-dimensional face of o for each i = 1

through S. Let Y = Spec@[o*nN*] and let zY : Y - @ be the

character of v, which is the natural extension of v@lmx

SpecG[N*] ~ ((II><)n+1 » @X, for each v in o n N*. Then the

-

set {xeY | z¥(x) = 0 for all v € (of nN*)\ {0}

consists of only one point y and any holomorphie funetion f

on Y with f(y) = 0 1is expressed as the power series:
v
L 2= Iye(o™nN*)\(0) Cv2 -
Let X be a hypersurface section of Y containing y, i.e., X
= {f = 0}, for a holomorphic funetion f on Y with f(y) =
0. Here we note that if (X,y) is an isolated singularity,

then the dimension of the singular locus Sing(Y) of Y is
not greater than 1, i.e., any (n~-1)-dimensional face of o] is
non-singular.  Assume that X is normal and that X \ {y} has

only rational singularities. Then by [6] and [1], we obtain:

Proposition 1.1. The following three conditions are
equivalent. |

(1) (X,y) 1is Gorenstein.

(2) (Y,y) 1is Gorenstein.

(3) (G) There ex{sts an element Vo € N* such that

<v0,ui> =1 for 1 i £ s.



114

We denote the above Vg by v{(ag).

Definition 1.2. The Newton polyhedron r, ) of f is
the convex hull of Ue + 0 (v + c*) and the Newton boundary

v
rfy of f is the union of the compact faces of [ (f).

Definition 1.3. We call f non-degenerate, if

afA*/az1 = eee = afA*/azn+1 = 0

has no solutions in T := Spec@[N*] c Y for each face A* of
F(f), where f% = J o ko cvzV and  (2Zy, Zg, «++ 5 Zp,q) is
V.
a global coordinate of T, i.e., z; = 2 ' for a basis {VI,
*
Vogs ses Vn+1} of N .
Proposition 1.4. ({5, Theorem 2.21]) Assume that the

condition (G) in Proposition 1.1 is satisfied and that f is
non-degenerate. Then (X,y) is purely elliptiec if and only if
v(o) € TI(f). ( See [7], for the definition of a purely

elliptic singularity. )

Remark. If v(o) € ar,(f) \ I'(f), then X \ {y} has worse

singularities than rational singularities.

Proposition 1.5. Under the assumption of Proposition 1.4,
(X,y) is of (0,n-1)-type if and only if dim A* = n, where
A* is a face of T[(f) with v(o) € Int(aA¥). ( See [2], for
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the definition of (0,i)-type of a purely elliptiec

singularity. )

Proof. Let r be a subdivision of the dual Newton
boundary r*r) of r(f) consisting of non-singular cones (
see [4] and [5], for the definition of F*(f) Yo Then ¥ =
Tyemb(L)  and X are non-singular, where X is the proper
transformation of X wunder the holomorphic map p : ¥ - ¥
obtained by the morphism of r.p.p. decompositions (N,I) -
(N,{faces of o)}. Let Iy be the set of the 1-dimensional
cones in r whose generators are contained in Int(g) and
let E be the intersection of the closure of orb(T) and ﬁ,

T

for each 7 in L;. Then [TEZI E. is the exceptional set of

the resolution P ¢ X » X and we can exXpress KX = (p|g)*KX

+ {TEEI aIET' Here we note that aT = <v(o),uT> - d(ur) -1,

by [5, Lemma 2.1}, where U, is the primitive element in N

generating T and d(uT) = min { <v,uT> Il v e ' (f) }. Hence

aT 2 -1, for each T in ZI' Assume that dim A* = n. Then
there exists only one l-dimensional cone T in 21 with a, =
-1 and ET is irreducible. Hence (X,y) is of

(0,n-1)-type. Next, assume that dim A* € n-1. Then we easily

see that there exist at least two 1-dimensional cones T in
L, such that a, = -1 and that ET # ¢. Hence (X,y) is not
of (0,n-1)-type. qg.e.d.
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Assume that f is a non-degenerate holomorphic function
on Y with f(y) = 0 and 1let X = ({f = 0}. When n = 3,
(X,¥) is a simple K3 singularity (, i.e., (X,y) 1is Gorenstein
purely elliptic of (0,2)~type [3] ), if and only if (Y,y) is
" Gorenstein, v(g) is contained in the interior of a

3-dimensional face of TI'(f), by Propositions 1.1, 1.4 and 1.5.

Assume that (X,y) is Gorenstein purely elliptie of
(0,n-1)~-type. Then there exists a unique element Uy in
Int(o) such that Vyug> = 1 for any element v in the face
A* of TI(f) whose interior contains v(o). Hence A* is

contained in
* * *

Ag(uo) := convex hull of { v € o0 n N | <viyup> = 1 1.
Therefore, the pair (a,uo) satisfies the following
condition:

(E) dim A;(uo) =n and v(o) € Int(A;(uo)).

Thus we obtain the theorem in Introduction, Conversely, assume
that (o,up) satisfies the conditions (G) and (E), and let X
v

= {f = 0}, where f = * * C¢_Z + higher terms, for
[ver(uo)nN v

certain non-zero complex numbers ey Then (X,y) is
Gorenstein purely elliptiec of (0,n-1)-type, if (X,y) is an

isolated singularity.

Problem 1. Is the set of the pairs (c,uo) satisfying the

conditions (G) and (E), finite modulo GL(N)?
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Let
gN = { (c,u05 | o is an (n+l)-dimensional strongly convex
rational cone satisfying (G), u, € Int(g)
and u, satisfies (E) }
and let g = gM/~, where (o,ug) ~ (o',up) if and only if
there exists an element g in GL(N) such that g(g) = ¢
and that g(uo) = ub. We define a partial order on g“ as
follows: (o,uj) 2 (o',ub) if and only if o » o', vi(g) =

v(og') and uy = ub. Let

ég = { (o;uo) e &M (o,ug) is minimal }

and let 58 58/~, where we call (o,u;) minimal, if (o,ug)

2 (1,uy) implies (o,uy) = (T,uy), for any (z,uy) € €".

Remark. (1) Assume that (o,uo) e &n. If the cone T
generated by a subset of L := { ue on NI Kv{(g),u> = 11 1is
(n+1)-dimensional strongly convex and contains Uy ~in the.

interior, then (T,uo) € &P, because T* > oF.

(2) Since #L < +w, for any pair (o,uy) in €N, we have  #{
(t,ugy) € gn (o,up) 2 (T, uyg) } < +e. Hence for any pair
(o,uy) in €M there exists a pair (T,uq) in ég with
(o,up) 2 (T,uq).

Let C(g,uy) = { (T,uy) € &°

| (T,uo) 2 (c,uo) i, for a
pair (o,uy) in €". Then by the above remark, we have §g" =

' - n . c . '
U(c,u0)658 C(c,uo). Hence» if 60, is a finite set, thenvso is
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€M, by the following proposition.

Proposition 1.6. C(o,uo) is a finite set, for any pair

(o,uy) in gn,

"Proof. Since for any pair (T,uo) in C(o,uo), Ai(uo) is

the convex hull of a subset of the finite set L* := { v €

o n N* I <vyup> = 13, we have #{ AX(uy) | (T,up) € Clo,up) }

*

< +tew. Conversely, let A be the convex hull of a subset of
L* such that v(o) € Int(pA*) and that dim A* = n. Then  #{
u € (RZOA*)* AN | <vi(og),u> =1 } « +«. Henece C' := { (t,uu)
€ C(o,uo) ] Az(uo) = A* } is a finite set, because T ¢

(RZOA*)* for any pair (T,uo) in C'. Therefore, C(o,uo) is

a finite set. q.e.d.

Next, we show that for a cone ¢ satisfying the condition

(G), all the elements ug in Int(o) satisfying the condition

(E) are finite. Let W_(vy) = { u € Int(o) | dim Aj(u) = n, v

€ Int(Az(u)) 1, for an (n+l)-dimensional strongly convex
%

rational cone ¢ and for an element Yo in NR'

Theorem 1.7. Wo<V0) is a finite set, for any vy €
Int(c*).
* *
Proof. For Vi Vos e y vj € o n N, let
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W(VI,VQ, e s V ) = i u € WO(VO) I <V1,u> ) =‘(V-,U) =

j
{ve ofaN I <v,u>o < 11}.

]
1 }. For u € Ny, let W%(u)

Here we note that if u € Int(g), then W'(u) 1is a finite
set. First, take an element wu, € Int(o) with vgrup> = 1.
Then for any elemenf u in WU(VO) with u # up, we see that
{f v € W*(ub) | <v,u> = 11 # ¢. Hence wa(VO) c {uo} U
leew*(uo) W(vl). Here we note that if W(Vl) # ¢, then
Vo and vy are linearly independent. Next, if W(vl) £ @,
then we can take an eiement u; € Int(g) with <v0,u1> =
<v1,u1> = 1, for each vy € W*(uo). Then we have W(vl) N
{ul} U UVQEW*(UI) W(VI,V2). Proceeding similarly,’we finally
obtain W(vl, e ’Vn—l) c {un_l} U Uvnew*(un—l) W(vl,...,vn).

Then #W(vl, e ,vn) £ 1, because Vos Viy ees and v, are

linearly independent, if W(vl, e , V z @B Hence #W(vl,

n’

oo ’Vn—l) < +eo and #Wc(vo) < +too, q.e.d.
Now, Problem 1 is reduced to:

Problem 2. Is the set of the cones o satisfying the
condition (G) such that { u, € Wo(v(c)) I (o,uy) € go } O£ #,

finite modulo GL(N)?

Proposition 1.8. If Wo(vo) # ¢ for an element vy €
Int(g®), then #IL (Vo) s 1, where ILy(vg) = { u € Int(a) n N

| <v0,u> = 1 }. Conversely, jf ILO(VO) = {uo}, then Wo(vo) C
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{uo}.
Proof. If ILU(VO) # ¢, then for each element u, in
IL (vg), we have <v,ug> > 0 for any v in oF \ {0} and

~ hence  <v,uy> 21 for any v in (6 \ {0}) n N*. Therefore,
Wc(vo) c {uo}, as we see in the proof of Theorem 1.7. Hence

if #ILG(VO) 2 2, then Wc(vo) = 4. qg.e.d.

§2 A list of representatives of all elements in gg.
1. o = Ryp(1,0,0,0) + Ry((0,1,0,0) + Ryq(0,0,1,0) +
RgO(O,O,O,I). See [8, Table 2.21, for Up.
2. 0 = Ryp(0,0,0,1) +  Ryo(1,0,0,1) + Ryo(0,1,0,1) +
Ryo(1,1,2,1) and uy = hei,1,1,2), 3a1,1,1,3), 13¢s,3,4,12),
§(3,2,2,8), o5(7,5,4,20), 15(5,4,2,16), §(3,2,1,9), £(2,1,1,5),
o(4,3,1,13),  35,2,3,11),  3(5,3,2,14), 5(7,3,4,186),
15€4,7,3,19) or -3(5,9,4,24).
3. 0 = Ryp(0,0,0,1) v  Ryo(1,0,0,1) + Ryg(0,1,0,1) +
Ryo(1,1,3,1) and uy = 7(2,1,2,4), $(3,2,1,7), $(3,1,2,5),
§¢5,2,3,9), $(2,3,3,6), $(3,4,3,9) or $(1,1,2,2).
4. o = Ryp(0,0,0,1)  +  Ryg(1,0,0,1) + Ry((0,1,0,1) +
Ryo(1,1,4,1) and wuy = §(1,1,2,2).
5. 0 =  Ryp(0,0,0,1) +  Ryp(1,0,0,1) + Ry((0,1,0,1) +
Ryo(1,2,5,1) and uy = £(2,3,5,4), $£(2,3,5,5), £(1,1,1,2)

or §(1,1,1,3).
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6. o = Rzo(0,0,0,l) + Rgo(l,0,0,l)

Ryo(1,2,7,1) and u, %(1,1,2,2).

+

7. o = Ry(0,0,0,1) + Ryo(1,0,0,1)

Ryo(1,3,7,1) and u, %(1,2,3,2).

+

8. o = Rgo(oyo)osl) + Rgo(lyoyosl)

Ry0(1,3,8,1) and uy = §(1,2,4,2).

]

+

9. o = Ryp(0,0,0,1) +  Ry4(1,0,0,1)

Ry0(1,3,10,1) and uy = §(1,2,5,2).
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Ry(0,1,0,1) +
Rzo(oslaosl) +
Rzo(oslvoal) +

Rgo(oili(),l) +

10. o = Rzo(lyoyoyl) + Rzo(o’l’oyl) + Rzo(‘ly;l)osi) +

Ryo(1,0,1,1) and uy = $(0,0,1,2), 3(-1,-1,1,3), i<f1,—1,2,4>

or %(—1,—1,2,6).

il

11. o
R,o(1,0,1,1) and wu, = %(1,0,1,2).

12. o©

Ryo(1,2,3,1) and ug = %(2,2,3,3).

13. o©

Rgo(lyo,l,l) + R_Z_o(—l’o,—l,l) and uO =

i<1,1,0,4) or #(1,2,0,6).

Ry0(2,0,0,1) + Ry(0,1,0,1) + Ryy(-1,

Rzo(l,oio,l) + R20(0s1!091) + Rgo(—ls

-1,0,1) +

-1,0,1) +

Rgo(osoyoal) + Rgo(lsoso)l) + Rgo(oslaoil) +

3(1,1,0,3),

14. 6 = Ry(0,0,0,1) + Ryo(1,0,0,1) + Rye(0,1,0,1) +

Ryo(1,0,1,1) + R,0(0,0,-1,1) and u, = #(1,1,0,3)  or

1a1,2,0,4).

15. o©

Rzo(lrlszyl) + Rzo(oyoy—l,l) and uo = i(1:1;0)4)-

16. o©

Ryo(1,1,2,1) + Ryg(-1,-1,-2,1) and wuy = 4(1,1,0,4).

- 11 -

Rzo(osososl) + Rzo(lyosoal) + R;o(oylyoal) +

Rzo(osoyo,l) ' + Rgo(lyoaosl) + Rgo(oalyoal) +
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17. o =  Ry(0,0,0,1) + Ryy(1,0,0,1) + Ry(¢0,1,0,1)

R20(1;1,3,1) + R20(17_19_391) and uo = %(151:093)-

18. o =  Ryq(1,0,0,1) + Ryg(-1,0,0,1) + Ry0(0,0,1,1)

Ryo(0,2,-1,1) and ug = $(0,1,0,2).

19. (o) = Rzo(lyovoyl) + Rzo(’laososl) + Rgo(lylyle)

Ryo(-1,1,-2,1) and ug = $(0,1,0,2).

20. o

i

Ryo(0,-1,0,1) + Ryg(0,0,1,1) and uy = $(0,0,1,2).

21. ag = Rzo(laoyoyl) + R20(~1)0y0,1) + Rzo(oylyoyl)

Ry (0,-1,0,1) + Ryp(1,1,2,1) and uy = §(1,1,2,2).

22. [ = Rzo(lalyoal) + Rzo(oyoylvl) + Rzo(osoy—lyl)

-1
Rgo(oyl,oyl) + Rgo(lyosoyl) and uo = 2(19150:2)-

23. o =  Ryp(1,0,0,1) + Ryp(-1,0,0,1) + R5((0,2,0,1)

t

RgO(O,O,I,l) and Ug

24. (o3 = Rzo(lyoyoyl) + RZO(—l)OyO)I) + R20(09390y1)

Ryp(0,0,1,1) and u, %(0,2,1,2).

S

25. (e = Rzo(lyovoyl) + R20(~130,0)1) + R20(0a230!1)

Ryo(1,1,2,1) and uy = $(1,1,2,2).

it

26. (e} = R20(0,090,1) + Rzo(lylvoyl) + Rzo(l:oyoal)

R;0(03130,1) + R;O(O)O)I;I) + Rgo(lsls_lal) and

%(1,1,0,2).

Rgo(19030)1) + Rgo(_laosoyl) + R;O(oslsoal)

Leo,1,1,2), 1¢0,3,1,3) or (0,4,1,4).

Up

27. s = Rzo(lioaosl) + R20<091;0;1) + Rzo(osoylyl)

RgO(_l’—1f~1’l) and ug = (0,0,0,1).

28. o = Ryp(1,0,0,1) + Ryp(0,1,0,1) + Ryq(1,1,2,1)

RZO(—I,-l,-l,l) and ug = (0,0,0,1).
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29. fo]

‘Rgo(—l,—l,—2,1) and u, = (0,0,0,1).

30. fe]
Rgo(—l,—l,—l,l) and ug = (0,0,0,1).
31. o
RZOC—I,-I,-2,1) and u, = (0,0,0,1).
32. fo] '
Rg0(~2,-3,—5,1) and u, = (0,0,0,1).
33. o Rgo(l,o,o,l)

Rzo(—l,—l,—2,1) and u; =

(0,0,0,1).

+

34. U Rgo(ls(),o,l). + Rgo(oylsosl)
Ryp(-1,-2,-3,1) and u, = (0,0,0,1).

35. o

+

[l

Rzo(l,o’oll) + R20(0’1)091)

Rg0(0,0,2,1) and ugy = (0,0,1,1).

+

36. (o) = R20(25030:1) + Rzo(oslaoil)

Rzo(—l,O,Z,l) and uy = (0,0,1,1).

+

37. o Ry(1,0,0,1) + Ry,(0,1,0,1)

RZO(—I,O,B,l) and ug = (0,0,1,1).
38. o

R;O(O,O,l,l) + Rgo(0,0,—l,l) and ‘Ug = (0,0,0,1).

123

Ryo(1,0,0,1) + Ryp(0,1,0,1) + Ryp(1,1,8,1)
Ry(1,0,0,1)  + Ryp(0,1,0,1) + Ryq(1,2,5,1)
Ryp(1,0,0,1) + Ryg(0,1,0,1) + Ryg(1,2,5,1)
Ry(1:0,0.1)  + Ryp(0,1,0,1) + Ryp(1,2,5,1)
¥ Rg0<o,1,d,1) + Ryg(1,2,7,1)

Ryo(1,3,7,1)
Ryo(-1,-1,0,1)
Ryo(-1,-1,0,1)
Ryo(-1,-1,0,1)

R20(130)091) + Rzo(oylaoal) + Rzo(—ls—lsoal)

39. o = R;O(lyosoyl) + Rg0(03130s1) + Rgo(_l:—lsosl)

Rgo(0:031>1) + R;o,(l,l,‘l,l) and uo = (0:030’1)'

40. o = Rzo(lyoso,l) + Rzo(oslaosl) + Rzo(_ly—lyosl)

Rzo(o’oalyl) + Rzo(zso)_lal) and uo = (090)0!1)0

41. o

Ry0(1,0,0,1) + R,(0,1,0,1) + Ryq(~1,-1,0,1)
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Ry0(1,2,3,1) + Ryg(-1,-2,-3,1) and uy = (0,0,0,1).
42, o = Rgo(lyoaoyl) + Rgo-lyOQOSI) + Rgo(ososlil)
Ry,p(0,4,-1,1) and u, = (0,1,0,1).

43. o

Rgo(laoyosl) + Rgo(’lyo:oyl) + Rgo(lyl,zyl)
‘ Rgo('1’3’"2’1> and ug = (0,1,0,1).

44, o

Rzo(lposoyl) + Rgo(_lyoaosl) + Rzo(oalyosl)
Rgo(oi_lvoal) + Rzo(0s0!231) ang uo = (0:0,1:1)0

45. o

1

Rgo(“lyoaoyl) + Rgo(oyoalsl) + Rg0(2309_131)

Rgo(o,l,o,l) + Rgo(o,—l,o,l) and uO (0,0,0,1)-

1]

46, o

Rgo(—190)0,1) + Rgo(lslszsl) + Rgo(ls”ls‘zyl)

1]

Rgo(oilyoyl) + Rgo(oa—lsoll) and uo (0,0)0!1)'

47. o

Rgo(_1s090a1) + Rgo(oyo,lal) + Rg0(2,03_1$1)
RZO(O’l’O’l) + Rzo(l,—l,o,l) and up = (0,0,0,1).

48. 0 = Ry(0,-1,2,1) +  Ryp(0,2,0,1) +  Ryo(1,0,0,1)
RZO(—I,O,O,I) and u, = (0,0,1,1).

49. ¢

H

R20(0,0,2,1) o+ Rg0(0,3,0,1) + Rgo(l,0,0,l)
Rg0(~1,0,0,1) and uy = (0,1,1,1).

50.' [e) = Rgo(laoyoyl) + Rgo(—lyoso!l) + R;o(oal’oyl)
Rgo(op_l,oyl) + R;o(o)oalyl) + Rgo(o,os_lyl) and uo
(0,0,0,1).

510 (e} = Rzo(lyosoal) + RZO(_I’O’O’I) + Rg0(0)13091)
Rgo(oy—lyoyl) + Rgo(1y1,2)1) + Rgo(_1:—19—2a1) and uo
(0,0,0,1).

- 14 -



(1]

2]

(3]

[4]

[5]

(6]

(7]

[8]

125

References

M.-N. Ishida, Torus embeddings and dualizing complexes,
Téhoku Math. J. 32 (1980), 111-14686.

S. Ishii, On isolated Gorenstein singularities, Math. Ann.
270 (1985), 541-554.

S. Ishii and K. Watanabe, On Simple K3 singularities, Note
appeared in the proceedings of the cbnference of Algebraic
Geometry at Tokyo Metropolitan Univ. (1988), 20-31.

M. Oka, On the resdlutidn of the Hypersurface
singularities, Complex analytiec singularities (T. Suwa and
P. Wagreigh, eds.), Advanced Studies in Pure Math. 8,
Kinokuniya, Tokyo and North-Holland, Amsterdam, New York,
Oxford, 1986, 405-436.

H. Tsuchihashi, Hypersurface - sections of toric
singularities, preprint.

K. Watanabe, T. Ishikawa, S. Tachibana and K. Otsuka, On
tensor products of Gorenstein rings, J. Math. Kyoto U. 15
(1975) 387-395.

K. Watanabe, On plurigenera of normal isolated
singularities 1[I, Advanced Studies in Pure Math. 8 (1986),
Complex Analytic Singularities, 671-685.

T. Yonemura, On hypersurface simple K3 singularities,

preprint.



